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TITLE OF THE INVENTION 



CHIMERIC ANTIBODY WITH SPECIFICITY TO 
^UMAN B CELL SURFACE ANTIGEN 



n ,. r pn^nv THE INVENTION 



Field of the Invention 

T^is invention relates to recombinant DNA methods 

of preparing an antibody with specificity for an anti- 
gen on the surface of human B cells, genetic sequences 

fn , W pii as methods of obtaining sucn 

coding thereror, as we^i « 

sequences . 

Background Art 

The application of cell-to-cell fusion for .he 
production of monoclonal antibodies by Kohler and Mil- 
stein (Natuxe^lLor^, 25 6: 495, 1975) spawned a 
revolution in biology equal in impact to that from the 
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. o£ recombinant D» cloning. Honoclon 
inVe " tl0 ° roduced fro. hybridous are already wia ly 
antibodies produced scienti£ic stu dres. W l- 

us ed in clinical and basic * ced by 

cations or >^ ^aT^le £ or the — 
hOT an hybrid X a l a "icroMal infections. certain 
o£ cancer viral d . minished ant ibody produc- 

SYStH "' re w a number of obstacles exist with 

Unfortunately, n man monoc lonal anti- 

respect to tbe ly ° f tr h ; e uhen att OT ptin 5 to 

.odies. This is especia y 

devel op / ur£ace antigens . Many of 

which define hu»n «1 ^ _ ^ 

the se hu^an cel. .u inmune thtr ._ 

as foreign «»9«« « ^ in „ nic lB „„. By 
£ore , these =« 19 e» J- ^.^ ^ „. 

genie in mice can oe „^i ca lly recognize tne 

human antigens. Alt g ted injections of 

therapeutically ^ a antlbody , in 

"foreign" antibodies, sue. ont;1 , lv i t v reactions 

i^d to harmful hypersensitivity 
humans, can lead .o clearance of the circu- 

as well as increased rate antib odies do 

la ting antibody »l.c« les ^ ^ , mou se 

not reach their target site. ^ ^ 

mo noclonal antibodies may ^ ^ 

efficiently interact wuh h ^ 

, hv functional assays 
assessed by citv (ADCC) and 

- rpUular cytotox-ci^y 

antibody-depenaen. ce.lu.a 

.,,. p ; cvtolysis (CDC). 
complement-mecia.ee cy.o y 
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u 1om fArpd bv immunologists is that 
Another problem faced oy 

ture are of the IgM type. When 
L.„ hu»an -noclcl. o { the 1,0 ^e, -eve, 
ha s teM necessary to use sue, — . « ^ 

f . n fn identify and isolate the few ceu 
sorting to laent-j. j-j from 

• L j ■ ^ «f 1-hP IaG or other type "u |u 
are producing antibodies of the igi> ° 

Te L jority antibodies - ~ J* t£ ^ 

n eed therefore exists for e^c ^ 

switching antibody classes, for any g 
a predetermined or desired antigenic s e ecl£l " ty \ 
" The present inventron bridges both the nybrido. 

::::: t^rrr * . — 

ho.an/non-hu.an ™' ib °*- nt inven tion 

T " ^llllt::: 1 charactens- 

rrniod.s a...- «~ r .- u 

chimeric monoclonal antibodies, liJte mo 
n bodies, can recognize and bind to a 
nticen; however, unli.e mouse monoclonal antibo 
th . Ipecies-specific properties of the chimeri . 
bodi-s will avoid the induction of harmful hype.sen 

a mav aUow for resistance to 
sitivity reactions and ma> a.low 

uhen used in humans in vivo. Also, the 
clearance when usea u> — . Knli . 

, ■ of apo-opriate human immunoglobulin 

inclusion of app.opi of * ir ientlY 
0 , ran result in an antibody which efficiently 
sequences can resu_ e 

interacts with human effector cells in ^ 
tu »or cell lysis and the li*e. Moreover, us ng 
methods disclosed in the present invention, an. 



^ - ,^;k r ^v isotvoe can be 
particular antigen combining site. 
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,„r.r.rr.:. ... — 

c t e t al-/ £_I°^ — ^ 

Morrison, s. • _ —- desc ribe the pro- 

OS,, 81: 6«l-«" ^ ' molecu le of 

d^ t ion of a ----- ceJ by jo ining the 
M ti,e. binding specific y. antlboay -producing 
--able region genes > ° speci . 
Bye loma cell Une with Jc ^.^ genes 

ficity to — ~ oes . C-c genes were 

us i„g recombinant O.A tec q ^ 
constructed, wherein the ^ ^ , oinfid t0 

exon fro m ;^°;; a ;; chai „ constant ,e 9 io. exons, 

human IgGl or IgG2 £rom the same 

a „d the light chain variable , ^ 

myel oma to - - ^ - J.. m y eloma cell Lin... 
?ene s were trans ec ^ uman 

Transformed cell * thus developed. 

ant iphosphocboline ant bodies 

*T7i'Jl 'pub^'— h ' 5 ' 19861 ■ ai,c T. 

tion no. 173494 P antibodie s) having variable 

chimeric "receptors ( ^ and constant regions 

regions derived from one ^ ^ o£ _ U2ing 

derived from the genes , alt hough no de- 

C DNA cloning to cons. (see pp 

of cDNA cloning or priming a.e 

5, 7 and 8) . 

_ c r a ^ < =, rn6 n 

. Note: The Pr«..«^S 

addition, APPl"^" was made prior to any one or 
that their in ven tion ™* . 
of the mentioneo publica. 
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, et al , .Mature, 312' 643 ,D ' CCT " f 
Bculianne, G. I- £. . antibodies consisting of 

ber 13. al5 ° Pt s ° ined to n»an constant re- 
fuse variable radons ,o» ^ genes in w^ch 
gi ons. They constructed u-a J reg . o „ 5 spe . 
the W segments encoding , »»- ^ were Joinea 
ci£l c for tb. hapten trinit P „. 

„ segments encoding *.»»» ^ ^ ^ func - 

g ions. These chimeric genes 

ti onal WP binding * o£ ]jooUann . „ ^ 

For a co^entary on the ^ 597 

and Horrison et aU, ^ oenetic^EnaiilSS^ 

,DeCeBb " 13 ' 3 "Irch !»«>. »r ~ ' 

News , 5j- ^ 

455 August 19651 . Natarei 268 (March 

Neuberger, M. S. e ■ Tumeric heavy cnain 

2Si „„,. also construct ^ . 

immunoglobulin gene in - ^ ^ hapte „ 4 - h y- 

»ouse variable ^ " 3 

droxy-3-trophenacetyl » ^ ^ chlBttie 

encoding the human SE^ J558L cell '» 

«. transfectea into ^ - haot°n and 

9Sne " "reduced which bound to the ffi hapt. 
antibody was produce 

had h«n igt properties ^ publ ished «ork 

Neuberger, M.S. et al,. - ^ secrete 

mowing the preparer , o ^- ^ „ portlo n has 

hapt en-specific antibodie ■ ^ noiety 

bee n replaced either wi. 1986 , 

,. „ r and Neuberger, M.s>- . iqen ic 

lWil Cvpeotide displaying c-myc an. g 

or with a polype?- i9B4| ^ 

determinants .Sature. ^' or ~' »ubl ication «0 86/01533. 
merger, f-^;^ dJ , el o*. production o. 

(published March 1-1' 
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5) and suggests, among the 
!rr n r-s S "e concep, of -class switching- 
technique's many 

l " eP ' 6 \. „ in European Paten, Publication So. 

Taniguchi, M. ' 1985) discloses the 

in 4 96 (p.bU.h.a ; s having varl able re- 

pr oduction of chimen . nt bo ^ 
?ions with tumor specif J £rom hunan . 

tal MiB ls, and constant r.9 ^ ^ ^ pro . 

The corresponding heavy »»« ' ,. a in — ■«» 

da ced in the genomic form, and 

« lls - t al Nature. 314- 452 (AprU 

196 5) have described a po es uhlch have 

struction o £ chimeric i— ^ ' rf . retr ovirus 
intron secuences remove J ^ ^ dQnor , lM 
vector. However, an ^ sequence . 

caused the deletion of th ^ chimerlc 

Thus, this approach did not y 

antibody molecules. ^jtl^cad^ci^Si. 

Cabilly. S. St a^, _^-— ;r — T s that di - 
jl, 3273-3277 <»»• 1984 '' o£ heav y chains and/or 

rect the synthesis in — ic an , ig en 

llg ht chains of anti care for expr es- 

a „tibody. -other P y chain (M - , fragment 

sl on of a truncated form °« *«J ua5 ob 

i„ Ei coli. Functional in ^ coll 

ta i„ed by in 5^ hMvy chain with Hght 

extracts, of a portion o. 

chain. Pat ent Publication 

cabiU y, S., SJ^i-' aescribes cMmer- 

125023 .published November 1 ■ iv . pro ducts 

lc immunoglobulin genes and .he. 
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as well as ether -edified for... On p.,« 21. 28 and 

„ nw , rloninq and priming. 
33 it discusses cDSA clon 9 1206 „ 

m A . European pa^enu 

<pubu r d r : n; ^ ^ <- 

£2U <= f non-chimeric ^ 
nitrophenyl specificity. _ 
tio „ of c h ^ric antibodies but n de < P 

WMd ' C ' " " t: dtrtcf'tf synthesis of mouse 

describe plasmxds that a 

anti . OT antibody proteins in yeas,. heav, • 

fn be qlycosylatea in tne 

yeast cells. protein was 

sy " t t:ri n ::-crji--dy-ec U ies. iS de- 
tect:"" — — - soiubie pio - ein 

prepared fro. „ s£ ^ i ^cad_Sci^. 
Alexander, A. Si aU, V — 7^ 

* 3 " 0 - 3264 '^'forr-o lll P y -rt hum. I, 
CDNA seouen ce co i 9 „„. 

^ heavy chain <0H» ^ fir>t 

tainino a 19- amino acid lead.r r „ al 

rn . v recion. An expensive 
" residues of the v en . ire 

deletion removes the remainaer o ; th rMlly 

C H 1 domain. This is cDNA cooing for an 

/ elet ed molecule £££ ^tl^ad^c i _«S,. 

„. : :, n ;i9To,rdes7rThr^r^7i^ : 

same coning for inu t ^ 

polypeptides. One o. the r ^.^ 
contained codons for part of .ne 3 

s entire 3' noncoding sequence, 

domain and the entire 
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Seno, M. et al^, »^^r Acids Research, U: 719- 
726 (1983), describe the preparation of a cDNA 
sequence and recombinant plasmids containing the same 
coding for part of the variable region and all of the 
constant region of the hu.an IgE heavy chain (epsilon 

'^urokawa, T. ibid. U: 3077-3085 ( 1983 ), 

show the construction, using cDNA , of three expression 
plasmids coding for the constant portion of the hu.an 
IgE heavy chain. 

Liu, F. T. et aK, -F^^at^L^^ JL'- 
5369-5373 (September 1984), describe the preparation 
of a cDNA sequence and recombinant plasmids containing 
the same encoding about two-thirds of the CH,, and all 
of the C H 3 and C R 4 domains of human IgE heavy chain. 

Tsujimoto, Y. et al,, Nucleic_ Acids Res. , 12: 
8407-8414 (November 1984), describe the preparation of 
a human V lambda cDNA sequence from an Ig lambda-pro- 
ducing human Burkitt lymphoma cell line, by taking 
advantage of a cloned constant region gene as a primer 

for cDNA synthesis. 

Mu^ohy, J. , PCT Publication WO 83/03971 (published 
Novembe'r 2 4, 198 3 ) discloses hybrid proteins made of 
fracments comprising a toxin and a cell-specific U- 
gand (which is suggested as possibly being an anti- 
body ) . 

Tan, et al., J^Jmmunol. 135 : 8564 (November, 
1985), obtained expression of a chimeric human-mouse 
immunoglobulin genomic gene after transfection into 
mouse myeloma cells. ^ nrx 

jones, p. t., at_si.. m*i± l^- 552 (Hay 19861 

constructed and expressed a genomic construct where 
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CDR domains of variable regions from a mouse mono- 
lonal antibody were used to substitute for the cor- 
responding domains in a human antibody. 

Sun, L.K., et al . , Hybridoma 5 supol . 1 S17 
(1986), describes a chimeric human/mouse antibody with 
potential tumor specificty. The chimeric heavy and 
light chain genes are genomic constructs and expressed 

in mammalian cells. 

Sahagan et_al . , J • Immun . 137: 1066-1074 (August 
1986) describe a chimeric antibody with specificity to 
a human tumor associated antigen, the genes for which 
are assembled from genomic sequences. 

For a recent review of the field see also Morri- 
son, S.L., Science 229: 1202-1207 (September 20, 1985) 
and'oi, V. T., et al ., BioTechnig ues 4:214 (1986). 

The Oi, et al., paper is relevant as it argues 
that the production of chimeric antibodies from cDNA 
constructs in yeast and/or bacteria is not necessarily 
advantageous . 

See also Commentary on page 8 35 in Biotechnology 4 
(1986 ) . 

SUMMARY OF THE INVENTION 
The invention provides a genetically engineered 
chimeric antibody of desired variable region specifi- 
city and constant region properties, through gene 
cloning and expression of light and heavy chains. The 
cloned immunoglobulin gene products can be produced by 
expression in genetically engineered cells. 

The application of oligodeoxyribonucleotide syn- 
thesis, recombinant DNA cloning, and production of 
specific immunoglobulin chains in various prokaryotic 
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and eu.aryotic cells provi.es a .eans for the a 
scale production of a chimeric ha»n/»o».. -noc lo 
antibody with specificity to a hur,an B cell surface 

ant iqen . , . f _ 

The invention provides cD N A sequences cooing for 
i„lobulin chains coursing a constant human 
region and a variable, non-human, region. The immuno- 
globulin chains can be either heavy or light. 

The invention provides gene sequences coding for 
immunoglobulin chains co.pri.in, a cDNA variable 
region of the desired specificity. These can be com- 
bined »ith genome constant regions of human origin. 

The invention provides sequences as above, presen. 
in recombinant DN, molecules in vehicles such as plas- 
mid vectors, capable of expression ih desired pro.ary- 
otic or eukaryotic hosts. 

The invention provides hosts capable of producing, 
by culture, the chimeric antibodies and methods or 

using these hosts. 

The invention also provides individual chimeric 
.mmunoglobulm chains, as well as complete assembly 
molecules having human constant regions and variable 
r.oions with a human" B cell surface antigen speci- 
ficity, wherein both variable regions have the same 
bindmq specificity. 

*mong other immunoglobulin chains and/or molecules 

provided by the invention are: 

* ( a) a complete functional, immunoglobulin mole- 

cule comprising: 
(i) two' identical chimeric heavy chains com- 
prisina a variable region with a human B 
cell surface antigen specificity anc 
human constant region and 
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( ii) two identical all (i.e. non-chimer ic ) 
human light chains. 
(b ) a complete, functional, immunoglobulin mole- 
cule comprising: 

(i) two identical chimeric heavy chains com- 
prising a variable region as indicated, 
and a human constant region, and 

(ii) two identical all (i.e. non-chimeric ) 
non-human light chains. 
(C ) a monovalent antibody, i.e., a complete, 
functional immunoglobulin molecule compris- 

i ng : 

(i) two identical chimeric heavy chains com- 
prising a variable region as indicated, 
and a human constant region, and 

(ii) two different light chains, only one of 
which has the same specificity as the 
variable region of the heavy chains. 
The resulting antibody molecule binds 
only to one end thereof and is therefore 
incapable of divalent binding. 

Genetic sequences, especially cDNA sequences, cod- 
ing for the aforementioned combinations of chimeric 
chains or of non-chimeric chains are also provided 
herein . 

The invention also provides for a genetic 
sequence, esoecially a cDNA sequence, coding for the 
variable region of desired specificity of an antibody 
molecule heavy and/or light chain, operably linked to 
a sequence coding for a polypeptide different than an 
immunoglobulin chain (e.g., an enzyme). These 
sequences can be assembled by the methods of the 
invention, and expressed to yield mixed-function 
molecules . 
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Th e use o£ cDNA sequences is particularly advan- 
tageous over 9 »,c seances .which contain 

„s,, in that -A sequences can he 
bacteria or other hosts which lac* appropriate RUA 
splicing systems. 

rpT re nFsr.RIPTIP" ™1! "SOKES 
FIGURE 1 shows the MA rearrangements and the ex- 
pression of immunoglobulin ^ and ^ heavy =h n 
genes. This is a schematic representation of th.hu 
Ln heavy chain gene complex Cnot shown to , sea • 
Heavy chain variable V region formation occurs throu,.. 
the prooer joining of V D and J, gene segments 
This generates an active mu gene. A different kxna of 
D rearrangement called -class switching" relocates 

A J D and J region from the vicinity of « 
the lomed V , D ana j r ^ y 

■ chat of another heavy chain C 

constant C region to that o- 

reoion (switching to oamma is diagrammed he-el. 

' FIGURE 2 shows the *nown nucleotide sequences o. 
human and mouse 3 regions. Consensus sequences ... 
the J regions are shown below the actual sequences^ 
h oligonucleotide sequence below the mouse ^ J 
region consensus sequence is a Universal Im.munog.o - 
U Gene (UIG, oligonucleotide. that .he a 

onl y a few a regions with relatively conserved 
quences, especially near the constant regions, in 
immunoglobulin gene locus. 

FIGURE 3 shows the nucleotide sequences o. t. 
mo use , regions. Shown below are the oU^o^. 
primers OK-H and UIG-K. »ote that each 
Ltriction enzyme site. They can be used a p. e 
£o r the synthesis of cDNA complementary to tne v.. 
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able region of mRNA , and can also be used to mutagen- 
ize, in vitro , cloned cDNA. 

F IGURE 4 nrr" ^ ^ ^ main "° d " les - The human 

C gamma 1 clone, pGMH6, was isolated from the cell 
line GM2146. The sequence at its J^l junction is 
shown. Two restriction enzyme sites are useful as 
joints in recombining the C R 1 gene with different V H 
genes. The Apal site is 16 nucleotide residues into 
the C 1 coding domain of Human gamma 1; and is used in 
a previous construction of a mouse-human chimeric 
heavy-chain immunoglobulin. The BstEII site is in the 
J region, and is used in the construction described 
in this application. 

The human C R clone, pGMLGO, is a composite of two 
cDNA clones, one isolated from GM1500 ( P K2-3), the 
other from GM2146 (pGMLl ) . The J R -C K junction se- 
quence shown comes from P K2-3. I" vitro mutagenesis 
using the oligonucleotide, J K HindIII, was carried out 
to engineer a Hindi I I site 14 nucleotide residues 5' 
of the J-C junction. This changes a human GTG codon 

into a CTT codon. 

FIGURE 5 shows the nucleotide sequence of the V 
region of the 2H7 V R cDNA clone P H2-11. The sequence 
was determined by the didecxytermination method using 
M13 subclones of gene fragments. Open circles denote 
amino acid residues confirmed by peptide sequence. A 
sequence homologous to D sp 2 in the CDR3 region is 
underlined. The Ncol site at 5' end was converted to 
a Sail site by using Sail linkers. 

FIGURE 6 shows the nucleotide sequence of the V 
region of the 2H7 V R cDNA clone P L2-12. The oligonu- 
cleotide primer used for site-directed mutagenesis is 
shown below the J R 5 segment. Open circles denote 
amino acid residues confirmed by peptide sequence. 
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FIGURE 7 shows the construction of the light an: 
heavy chain expression plasmids pING2106 (panel a) an, 
P ING2101 (panel B) . The Sail to BamHI fragment fro: 
P ING2100 is identical to the Sail to BamHI fragmen- 
from P ING2012E (see panel C). A linear representatio: 
of the circular plasmid pING2012E is shown in panel C 
The 6.6 Kb Sail to BamHI fragment contains sequence, 
from pSV2-neo, P UC12, M8alphaRX12, and pLl. Th- 
HindHI site in p3V2-neo was destroyed before assembl; 
of pING2012E by Hindi I I cleavage, fill-in, an, 
religation. 

FIGURE 8 shows the structure of several chimeri 
2H7 _V expression plasmids. pING2107 is a gp_t versio: 
of the light chain plasmid, pING2106. The larger one, 
are two-gene plasmids. pHL2-ll and pHL2-26 contai: 
both H and L genes, while pLL2-25 contains two : 
genes. They were constructed by joining an Nde" 
fragment containing either an H or L gene to partiall: 
digested (with Ndel ) pING2106. 

FIGURE 9 shows a summary of the sequence altera- 
tions made in the construction of the 2H7 chimeric 
antibody expression plasmids. Residues underlined ir 
the 5' untranslated region are derived from the clone- 
mouse kappa and heavy-chain genes. Residues circle 
in the V/C boundary result from mutagenesis operation 
to engineer restriction enzyme sites in this region. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
INTRODUCTION 

Generally, antibodies are composed of two lign 
and two heavy chain molecules. Light and heavy chain 
are divided into domains of structural and functiona 
homology. The variable domains of both the light (V\ 
and the heavy (V ) chains determine recognition an 
specificity. The constant region domains of Her 

(C ) and heavy (C..) chains confer important biologies 

7, n 
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^F.NETIC PRO ^F^S AND PRODUCTS 
The invention provides a novel approach 
cloning and production of a human/mouse chime 
body with specificity to a human B cell surf 
gen. The antigen is a polypeptide or cor 
polypeptide bound by the 2H7 monoclonal anti 
cribed in Clark et aL P ror N*tl. Acad. Sci. 
82-1766-1770 (1985). This antigen is a phosp 
designated (B P 35(CD20)) and is only expressec 
of the B cell lineage. Murine monoclonal a 
to this antigen have been made before 
described in Clark et aL, sacra; see also £ 
P., et aL, J^jmmunol, 125 : 1678-1685 ( 1980). 
' The method of production combines five el 

(1) isolation of messenger RNA ( mRNA ) 
mouse hybridoma line producing the rr, 
antibody, cloning and cDNA F 
therefrom; 

(2) Preparation of Universal Immunoglob'. 
(UIG) oligonucleotides, useful as 
and/or probes for cloning of the 
region gene segments in the light e 
chain mRNA from the hybridoma cell - 
cDNA production therefrom; 

(3) Preparation of constant region gene 
modules by cDNA preparation and clc 
genomic gene preparation and cloning 

(4 ) Construction of complete heavy or li' 
coding sequences by linkage of th 
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nce or at another desired location 
in ^ Seq o U f the constant r.gion. An alt.rn.- 

:r: — clones as 

Third, cloned V reg chain c 

- —\ ^^^r - J^L. one can clone the 
region module vecto s. £ ^ fche com _ 

complete human kaooa light ^ ^ addition , one can 
ple te human 3252*1 C regl ° ' tQ introdu ce a termina- 
CTodify the human gamm^ reg ^ ^ ^ ^ 
tion codon and thereby o molecule. 
e „ cod es the h-v, CI- P = ;/ at - a uy llnk . d V 

Th e codrn 9 sequenc * ■ « ^ ^ 
and C regions are the" ^.^ in apptop riate 

exp ressron vehicles f . opera tionally lin- 

hosts, proXaryotxc or eukary seqoence s to de- 

ed ,eans in— * - ? ^ seque „ce -ith- 

rlve a continuous ^ ^ pf the triplet read- 

out alterations or mterrup 

inq trame. ; _ C DNA genetic 

One partner \? th . £ act tnat 

nrpsent invention is 
,„ u .„c. m the prese immuno9lo bulin charns, 

they code continuously fo „ continuously - i, -ant 
eUher heavy or U 9 h. y are 
tha , the sequences do no ^ .^^ from 

not g eno.rc se.uen «»- "» are sequenc es of con- 

mR » by reverse tra P aracteristlc o£ the cD» se^ 
tiguous exons, T on allo vs the. to b. 

fences provided by wh« ^ bacterli , or 

wt .„i bl . ^ pro-, , c ^ t 

in lower eukaryotic hos.s, 
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. „ „f „sinq cDNA cloning method is 
Another advantage of using 

the ease and .implicit* of obtaining variable 

gene modules. . triable" are used func- 

The terms "constant and v u „ 
tionally to denote those reg ns of th 

-V^re^IpXr;;- variable and 
properties and '"""'J non -chimenc antibodies, 
constant regions . a - ^ ^ 

it is not necessary 
f'r variable or constant regions to be present, 
region for variaDie u ™ ion is present 

as long as a functionally operating region 

Triton vehicles include plasmids or other vec- 
Expressio vehicles carrying a 

Dro f p rred among these aie 
r u i:; io nX e - complete human constant heavy or £ 

etai - r-r; rr; tea:; 5 :: », ht onain 

engineered so tha. any easily 

— nee with ^"J^TJZ « ^ 
inserted thereinto. Human c 

Chain secuence-containing ve i es »• '» _ 
«»t embodiment of the inven o The ^ ^ 

* used as intermediates for the e p 
aesi red complete heavy or light chain in a..y P. 

priate host. provides sub- 

One preferred host is yeast. yeas- P 

sta „:ial P advantages for the 

translationai o^rateaies now 

* number of recombinant DNA s.rategie 
lation. A number or _ uences a nd high 

■ w .iH 7P stronq promoter sequencer 
exist which utilize s.rony . 

copy number plasmids which can be used .or - 
auction of the desired proteins in yeas-. - 
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leader sequences on cloned mammalian gene 

C ° 9 fsecrls peptides bearing leader se- 

products and secretes v v 

« [i e prepeptides) (Hitzman, et aU, 
quences (i.e. P PP Genetics and Mole- 

International conference on Yeast, 

Liar Biology, Montpelier, France, September 13 17, 
1?B2 Lst gene expression systems can be routinely 

expresseu y „ oa< - f c are grown m meaiums 

in larqe quantities when yeasts are g 

9 utilized. Known glycolytic 

^ 0^,-1.. - — tbe promoter and t rm 

• n=lc, n* th« iso-l-cytochrome C (CYC 1) gen 
inator signals o. tn- 

can be utilized. develop and 

The following approach can be taken to de 

^ m ,l expression plasmids for the 
evaluate optimal expre- 

expression o£ cloned immunoglobulin cDNAs in yeas.. 
' 1 The cloned immunoglobulin DNA lining V anc C 
re cions is attached to different transcrip- 
.i'on promoters and terminator « fragments. 
(2) i„„ chimeric genes are placed on yeast plas- 
ms (s ee, for example, Broach J.*, in 
Methods in Cnrymology - vol. 101:307 ed. Wu, 
r et a!., 19831): 
« 3 , M di7iTnal genetic units such as a yeas, 
leader peptide may be included on immunogiob- 
aUn DNA constructs to obtain antibody secre- 
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„ portion of the sequence, frequently the 
first 6 to 20 codons of the gene sequence may 
be modified to represent preferred yeast 

codon usage. . 
.., The chimeric genes are placed on plasmrds 

used for integration into yeast chromosomes. 
Th e following approaches can be ta*en to simultan- 

^"a, The light and heavy chain genes are each at- 
tached to a yeast promoter and a terminator 
sequence and placed on the same plasmid. 
This plasmid can be designed for either auto- 
nomous replication in yeast or integration at 
specific sites in the yeast chromosome. 
(2) The light and heavy chain genes are each at- 
tached to a yeast promoter and terminator 

, ar ,, rat . p nlasmids containing air 
sequence on separate pias^ 

, mar Vprs For example, the 

ferent selectable markers. 

ligh t chain gene can be placed on a plasma 
containing the trol gene as a selectable 
marker, while the heavy chain gene can be 
placed on a plasmid containing ura3 as a 
selectable marker. The plasmids can oe 
desianed for either autonomous replication m 
yeas ; or integration at specific ^"^.^ 
yeast chromosomes. A yeast strain ae^- 
for both selectable markers is eit.e: 
simultaneously or sequentially transform* 
with the plasmid containing the light cha. 
ge ne and with the plasmid containing w. 
heavy chain gene. 
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(3) 



The light and heavy chain genes are each at- 
tached to a yeast promoter and terminator 
sequence on separate plasmids each containing 
different selectable markers as described in 
l2 , above. A yeast mating type "a" strain 
defective in the selectable markers found on 
the light and heavy chain expression plasmids 
,trpi and ura3 in the above example) is 
transformed with the plasmid containing the 
light chain gene by selection for one of the 
two selectable markers (trol in the above 
example). A yeast mating type "alpha" strain 
defective in the same selectable markers as 
the "a" strain (i.e. trrA and ura3 as exam- 
ples) is transformed with a plasmid contain- 
ing the heavy chain gene by selection for the 
alternate selectable marker (i.e. ura3 m the 
above example). The "a" strain containing 
the light chain plasmid (phenotype: Trp 
Ura" in the above example) and the strain 
containing the heavy chain plasmid (pheno- 
type- Trp' Ura + in the above example) are 
mated and diploids are selected which are 
prototrophic for both of the above selectable 
markers (Trp + Ura + in the above example), 
fcmong bacterial hosts which may be utilized as 
transformation hosts, L coli K12 strain 294 < A CC 
3i 446 ) is particularly useful. Other micro 
strains which may be used include L coli X17 c (ATCC 
315 37 ). The aforementioned strains, as we.l as _^ 
coli W3U0 (ATCC 27325) and other enterobacter la such 
a71aimoneUa_^^ or Se^ia_ma^sc^ . and 
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I„ general, pl.»" ™ S confining replicon 
a control sequences which are derived fro. spec.es 
* tlb e wiH a host cell are used in connection 
compatible with oralnar ily carries a 

wlth these he , s. The ^ „, 

capable or P readily trans- 

£ora ed cells. J- * mi ^ d ^- ed £rom an ^ coli 
formed using PBR322, a plasmid (1977n . pB R322 

species (Bolivar, et jL, gene, 2: 95 (197 > P 

..ins cenes for ampicillin and tetracycline resis 
contains genes lul r identifying 
tance and thus provides easy means for identity g 
l:i;:; ormed cells. - PB.322 Plas : d or ot^ro- 
bi.1 plasBids must also "nt.in o 

contain, promoters which can u^ » ^ 
organism for expression o. i-s P 

„-u, „c P d in recombinant una con 
promoters most commonly used nir niinase) 
■ • the beta-lactamase (penicillinase) 

struction include the Det svs tems 
„ lactose (beta-galactosidase) promoter systems 
and lactose 9 itak . jra ^ 

r^-ct^S C»77,,, and tryptophan pro- 

8 . 4057 (1980); EPO Publication No. 0036776) 

L.. are the most commonly used, other microbial pro- 

- T "r^-anyhea. or 

ug ;;i;;::r;;:uro:iobuiin can be rr «- 

de I the control of the leftward promoter o * « 
ophage lambda CP L , -is i. o ^ 

strongest known promoters whicn c 

Control is exerted by the lambda repressor, ana ad 3 a 
cent- restriction sites are known. 
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The expression of the immunoglobulin chain se- 
quence can also be placed under control of other regu- 
latory sequences which may be "homologous" to the 
organism in its untransf ormed state. For example, 
lactose dependent coli chromosomal DNA comprises a 
lactose or lac operon which mediates lactose digestion 
by elaborating the enzyme beta-galactosidase. The lac 
control elements may be obtained from bacteriophage 
lambda pLAC5, which is infective for E^ coli . The lac 
promoter-operator system can be induced by IPTG. 

Other promoter/operator systems or portions there- 
of can be employed as well. For example, arabinose, 
colicine El, galactose, alkaline phosphatase, trypto- 
phan, xylose, tac, and the like can be used. 

Other preferred hosts are mammalian cells, grown 
in vitro in tissue culture, or in vivo in animals. 
Mammalian cells provide post-translational modifica- 
tions to immunoglobulin protein molecules including 
leader peptide removal, correct folding and assembly 
of heavy and light chains, proper glycosylat ion at 
correct sites, and secretion of functional antibody 
protein . 

Mammalian cells which may be useful as hosts for 
the production of antibody proteins include cells of 
lymphoid origin, such as the hybridoma Sp2/0-Agl4 
(ATCC CRL 1581) or the myleoma P3X63Ag8 (ATCC TIB 9), 
and its derivatives. Others include cells of fibro- 
blast origin, such as Vero (ATCC CRL 81) or CHO- Kl 
(ATCC CRL 61 ) . 

Several possible vector systems are available for 
the expression of cloned heavy chain and light chain 
genes in mammalian cells. One class of vectors re- 
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Ues upon the 1ata9rat.cn of the desired gene se- 
uences into the host ceil genome. Cells which have 
stably integrated « can be selected by "^aneo - 
ly introducing drag resistance genes such as t coli 
^t (Mulligan, R. C. and Berg, P., 1!°^=^ 
77, usa 78: 2072 (1981)1 or Tn5 neo (Southern, P. 

f^t; 9 rp.. i"» 

Th e selectable marker gene can be either 
Dm gene sequences to be expressed, or introduced nto 
the same cell by co-transf ection (Wigler, «. et a^, 
Cell U: 77 ,1979)). * second class o£ vectors uti- 
Iini ™A elements which confer autonomously replicat- 
ing capabilities to an extrachromosomal plasmid 
Th Le vectors can be derived from animal viruses, such 
as bovine papillomavirus (Server, N. et a^, P^ 
Hail^cad^ci^S,, 79: 7147 ,1982)), polyoma vi us 
T^IT^rTtllT Proc^atl^Acad, Sci^JJSA, 81. 
12 92 ( 1984),, or SV40 virus (Lusky, M. and Botchan, 
M., Nature, 293: 79 (1981)1. _ ^ ^ 

sTnTTan immunoglobulin cDNA is comprisec omy o- 
sequences representing the mature encoding an 

antibody protein additional gene expression elements 
regulating transcription of the gene and processing o. 
the »» are required tor the synthesis of immunogioou- 
Un bR „a. These elements may include splice signals, 
transcription promoters, including inducible pro- 
moters, enhancers, and termination signals. cDNA 
expression vectors incorporating such elements include 
those described by Oxayama, H. and Berg, P., Ho i. Ce 
Biol., 3: 280 (1983): Cepxo, C. L. et aK, Cell, 3_- 

~ " o t prnc Natl. head. 

1053 (198 4); and Kaurman, R. * ' 

Sci., USA, 82: 689 (1985). 
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An 



nil additional advantage of mammalian cells as 
hosts is their ability to express chimeric immunoglob- 
ulin genes which are derived from genomic sequences. 
Thus, mammalian cells may express chimeric immunoglob- 
„H„ genes which are comprised of a variable region 
cDNA module plus a constant region which i. compos 
in whole or in part of genomic sequences Several 
hum an constant region genomic clones have been des- 
cribed (Ellison, J- W. et ^ Nucl ^cids Res. ,, 10: 

P , a i rell 29: 691 (1982)). 
4071 (1982), or Max, E. et aU, Cell, 

The use of such genomic sequences may be convenient 
for the simultaneous introduction of immunoglooulin 
enhancers, splice signals, and transcription termina- 
tion signals along with the constant region gene seo- 

"""Different approaches can be followed to obtain 
complete H 2 L antibodies. 

" First, one can separately express the Ugh. and 
neavy chains followed by in vitro assembly of purified 
lioht and heavy chains into complete IgG anti- 

bodies. The assembly pathways used for generation o. 
complete IgG molecules in cells have been exten- 

sively studied (see, for example, Scharff, M. , Harve, 
Lectures, 69: 125 (1974)). In vitro reaction para- 
^7~for the formation of IgG antibodies fro^re- 
duced isolated light and heavy chains have been aenn- 

. . c rolls of Tmm nnoQlobuUn Sy nthesis, 
ed by Beychok, S. , cells o± — ±i ^ 

Academic Press, New York, page 69, 1979. 

Second, it is possible to co-express light ana 
neavy chains in the same cells to achieve intracellu- 
lar association and linkage of heavy and iicnt cnains 
into complete IgG antibodies. The co-expression 
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can occur by u.in, either the same or different pU.- 
mids in the same host. 

POLYPEPTIDE PRODUCTS 

"chimeric" immunoglobulin 
The invention provides chimeric 

chains, either heavy or light. * ehi»ric Cham con- 

t I constant region substantially similar to tha 

present in a natural human immunoglobulrn, and a 

iable region bavin, the desired antigens specr U- 

■ a tn the specified human B 
city of the invention, i.e., to tne 

cell surface antigen. 

The invention also provides immunoglobulin mo e- 
cules having heavy and light chams associated so tha. 

e overall molecule exhibits any desired Mndrng a 
recognition propertres. various types of ~g 
lin molecules are provided-, monova.en., orvalen 
molecules with chimeric heavy chains and non-c „ c 
Ught chains, or molecules with the .nventron s va 

= ^tarhpd to moieties carrying 
able binding domains attacnea 

desired functions. 

Antibodies having chimerrc heavy cnarns o. e 
sam e or Afferent variable region brndrng •P««' l »-» 
a „d non-chimera U.e., aU human or all non-hum . 
Ug ht chains, can be prepared by approbate as o a 
t L of the needed polypeptide chains. These cha s 
are indrv.dually prepared by the modular assemol> 
methods of the invention. 

USES 

The antibodies of the invention having human con- 

k~ utilized for passive immunization, 
stant region can be utilizec ^ v 

■ -k^,i*- npaative immune reac 
especially in humans, vithou. negative 
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tions such as serum sickness or anaphylactic shock. 
The antxbod.es can, of course, also be utilized in 
prlor art — diagnostic assays an^kits^n detect- 
ably labelled form (e.g., enzymes, I, C, flu 
escen t labels, etc.), or in immobilized form (on 
polymeric tubes, beads, etc.), in labelled form for in 
viv r imaging, wherein the label can be a radioactive 
"Iter, or an KMR contrasting agent such as a car- 
bon-13 nucleus, or an X-ray contrasting agent, such as 
a h eavy metal nucleus. The antibodies can also be used 
for in vitro localization of the antigen by appropri- 

-ate labelling. 

The .ntibod.es can be used for therapeutic pur- 
Doses , by themselves, in complement mediated lysis, or 
'coupled to toxins or therapeutic monies, such as 

ricin, etc. 

Mixed antibody-enzyme molecules can be used for 
1TO nunodia q nostic methods, such as ELI SA . Mixed anti- 
body-peptide effector conjugates can be used .or tar- 
geted delivery of the effector moiety with a high de- 
gree of efficacy and specificity. 

Soecifically, the chimeric antibodies of this in- 
vention can be used for any and all uses in which the 
murine 2K7 monoclonal antibody can be used, witn tne 
obvious advantage that the chimeric ones are more com- 
patible with the human body. 

Having now generally described the invention, the 
same will be further understood by reference to cer- 
tain specific examples which are included herein for 
Purposes of illustration only and are not intended to 
be limiting unless otherwise specified. 
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F.XPER IMENTftL 
Materials »"d Methods 
TissueCultui; Cell Lines 

^-^T^mZl GM2146 and GH1500 were od- 

tained from th. Human Mutant Cell 

Ne » uersey, and cultured in RPMI1640 plus lfl» e a 
bov ine serum ,M. A. Byproducts,. The ceU line Sp 0 
was obtained fro. the American Type Culture Col 
Action and grown in Dulbecco's Modified Eagl, = H. ^ 
(DH EH> Plus 4.5 g/1 glucose <M. A. Byproducts, plus 
II fetal bovine serum (Hyclone, Steriie 
Logan, Utah,. Media were supplemented with penici - 
lin/strepto.ycin (Irvine Scientific, Irvine, Califor- 

nia). 

Recombinant Plas nud^n^ac^exio^hase.^ 

Z^Z^T^UCU were purchased 

f rom Pharmacia P-L Biochemical* Milwaukee, Wiscon- 
sin,. The plasmids P SV2-neo and pSV2-apt were obtai - 
ed from BRL (Gaithersburg, Maryland,, and are avail- 
able fro. the American Type Culture Collection <Roc<- 
viU e, Maryland,. pHu-aamma-1 is a subclone o h 

^ ut ^r^nm^n^ of the human IgGl 
8.3 Kb Hindlll to Bamhl .ragmen, o. 

chromosomal gene. *n isolation method for o the 
hu^an !gGl chromosomal gene is described by E Us , 
a w et al., Nucl^cids_Ses,. 1£= <° 71 a9S2 »; 
„8albhapIi2Tontains the 0 . 7 K b Xbal to EcoRI £ ragmen 
coding the mouse heavy chain enhancer from the 3-C 
intron region of the M603 chromosomal gene (Davis, . 

et al., Nature, 283:723. »"» lnsa » ed int ° """""l 
^"manipulations involving purification of plasmid 
Dm bv buoyant density centrif ugatron, restrict 
endonu'clease digestion, purification of fragment 
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by agarose gel electrophoresis, ligation and trans- 
formation of coli were as described by Maniatis, T. 
et §_K, Molecular Cloning: A Laborato ry Manual, ( 1982) 
o~r other procedures. Restriction endonucl eases and 
other DNA/RNA modifying enzymes were purchased from 
Boehringer-Mannheim (Indianapolis, Indiana), BRL , New 
England Biolabs (Beverly, Massachusetts) and Pharmacia 
P-L. 

Oligonucleotide Preparation 

Oligonucleotides were either synthesized by the 
triester method of I to et aL (Nucl. Acids Res., 10: 
1755 (1982)), or were purchased from ELESEN, Los 
Angeles, California. Tritylated, deblocked oligonu- 
cleotides were purified on Sephadex-G5 0 , followed by 
reverse-phase HPLC with a 0-25% gradient of acetom- 
trile in lOmM triethylamine-acetic acid, pH 7.2, on a 
C18 Bondapak column (Waters Associates). Detntyla- 
tion was in 80% acetic acid for 30 min., followed by 
evaporation thrice. Oligonucleotides were labeled 
with [ gamma- 3 2 P] ATP by T4 polynucleotide kinase. 
RNA Preparation and Analysis 

Total cellular RNA was prepared from tissue cul- 
ture cells by the method of Auffray, C. and Rouceon, 
F. ( Eur. J. Biochem. , 107 : 303 (1980)) or Chirgwin, J. 
M. et ah ( Biochemistry , 18: 5294 (1979)). Preparat- 
ion of poly(A) + RNA , methyl-mercury agarose gel elec- 
trophoresis, and "Northern" transfer to nitrocellulose 
were as described by Maniatis, T. et aJU, supra . 
Total cellular RNA or polytAT RNA was directly bound 
to nitrocellulose by first treating the RNA with for- 
maldehyde (White, B. A. and Bancroft, F. C, J^_3iolj_ 
Chem., 257: 8569 (1982)). Hybridization to f iltsr bound 
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with nick-translated DNA fragments using con- 
RNA was with hick (Nature, 

, crrlbe d by Margulies, D. H. et ai. 

ditions described y y ^ oligonucleotide 

- q MQfl?n or with r i dueilc ^ 
295-. 168 (1982)) ° salmon 5pe rrn 

AY ccr 10X Denhardt s, -luu uy/ 
using 4xSSC, fo u 0 wed by washing in 4xSSC at 

DNA at 37°C overnight, followea y 



3 7°C. 



-!i-^^^fff braries uer e prepare, from 

poly(A) RNR GM150 ° 3 , „ Res 9: 2251 

. „ .1 i miel. Ac ids Res., J- 

a98 U, and G»bl.r. V .nd ^ 
263 (1963), respectively. The SUDra)uith 
screed by hybridation , H aniatis , . 2^ 
3Vlabelled oligonucleotides using the proce 

, ,r«.ll 34: 891 (1963 1 ), or with nick 
ae Lange et aK. (Cell, il- 

translated DNA fragments. 

le ,„tide Pria^rExte^siawn^Ooj^ 

Poly(A) "NA (20 ogi "» . o. f r 

, « ca „M KC1 After denaturation at 90 C tor 
in 40 ul of 64mM KC1. Human place n- 

5 min. and then chilling in ice, 3 units 
ta l Kibonuclease Inhibitor (BRL) was added in 
1MT ris-HCl. PH 6.3. The oli.onucleo-a w a 

totheR SA at « 6 «='»^''^; 2 ^. dCTP, 
DTT , .05M MgCl, and 1 m» .«h ^^32^ M0 0 
and dGTP was adaed. -— d bv 3 

C1/-1. - England Nuclear ) was a ™' £j ^ 
U l of AHV reverse transcriptase (19 w.s/ 

ScienCSS) - , 42 ° C for 105 nun., 2 ul 0.5 M 

After incubation at 42 C for 

« i t HmM Tri? ImM EDT& / pH 7.b we.e 
EDTA and SO ul 10m» Tr». 1 5ephadex 

Unincorporated nucleotides w.re 

G . 50 soin column chromatography, anc tne 
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brid was extracted with phenol, then with chloroform, 
and precipitated with ethanol. Second strand synthe- 
sis, homooolymer tailing with dGTP or dCTP, and inser- 
tion into homopolymer tailed vectors was as described 
by Gubler and Hoffman, supra. 
Site-Directed Mutagenesis 

Single stranded M13 subclone DNA (1 ug) was com- 
bined with 20 ng oligonucleotide primer in 12.5 ul of 
Bin buffer (7 mM Tris-HCl, P H 7.6, 7 mM M g Cl 2 , 50 mM 
Nad). After heating to 95°C in a sealed tube, the 
prxmer was annealed to the template by slowly cooling 
from 70°C to 37°C for 90 minutes. 2 ul dNTPs (1 mM 
each), 1 ul 32 P-dATP (10 uCi), 1 ul DTT (0.1 M) and 
0 4 ul Klenow DNA Poll (2u, Boehringer Mannheim) were 
added and chains extended at 37°C for 30 minutes. To 
th<s was added 1 ul (10 ng ) M13 reverse primer (New 
Enaland Biolabs), and the heating/annealing and chain 
ex^nsion steps were repeated. The reaction was 
stowed with 2 ul of 0.5M EDTA, P H 8, plus 80 ul of 10 
mM Vris-HCl, P H 7.6, 1 mM EDTA. The products were 
ohenol extracted and purified by Sephadex G-50 spun 
column chromatography and ethanol precipitated prior 
to restriction enzyme digestion and ligation to the 
aDDropriate vector. 

Transfectinn of Myelo m a Tissue Culture Cells 

The electroooration method of Potter, H. et aL 
f p roc . Natl. Acad ^Sci^OSA. 81: 7161 ( 198 4 )) was 
used. After transf ection, cells were allowed to re- 
cover in complete DMEM for 48-72 hours, then were 
seeded at 10,000 to 50,000 cells per well in 96-well 
culture plates in the presence of selective medium. 
G416 (GIBCO) selection was at 0.8 mg/ml , and mvco- 
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x u »c at 6 ug/ml plus 0-25 
p fc .»Uc .cid (CaXbiochem, was 9 

mg/ml xanthine. . |irhr .; - ,nd Secretion 

Secr etea ~ > cytop las., protein 

tissue culture cell superna ul 
extract was preparea by " j , ^ EOTA , pH 

o£ n HP40. '■■"•"'•"•^^nut... £ oUo.e a by 
ano leavin, t h e lysa« at 0 ^ ^ ^ 

centrifugatxon at iu, 

debris. . ft ISA (Voller, A. et 
A double antibody sandw ch ELIS* ^ 
f ninical Immunology. zuu 
aL, in Mamia^_Oi_iii--- ^9-371, 1980) using 

Rose , *. and J a ' J; sed to aetect specific 

a££ i„ity purged «»" „ o£ httman Ig G, the 

immunoglobulins. anti -human IgG (KP T - 

^e-tound antiserum ' '| ' dUution , while the 
Gaithersburg, Marylana. / IgG (W L 

peroxrdase-bouna antiserum _ detec . 

or Tago, Burlingame, at l. „i at e-bound 
tioo of human immunoglobulin ^ 

« a «- anti-human kaooa uayu 
antlSSrUm :;iin;. p.roxid...-bo«nd antiserum i. ,oat 
dilution, while th- P dilu tion. 
anti-human ka£pa (Cappel) at l/iu 

EXAMPLE_1 

, Chimeric House-Human I^unoglobulinjith^ 
Specificity for a Human B Cell 

(1) istibodvJHl. (gamma 2b , 

The 2H7 mouse — ^ sur£ace an tigen, 

Kappa, recogm.es a human B c. - ^ ^ 

(9C35(CD20)> Clark. E.A.. ^ — ' , Bo35 (CD20)> 

SOI., tLU^ £2:1166 .198=>>. ™_ . 
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i a w a rnle in B-cell activation, 
molecules presumably play a role 

antibody 2,1 *oes not react -it- «« cells 

of R cells epithelial, mesenchymal 
are progenitors of B cells v 

and fibroblastic cells of other organs. 

■ f i cpnuences in the Immuno - 
(2 ) T^H H^ation of J_ Sesugnces_ 

nlobulin mRNA of 2H7 . 

aiS£ = 1^7^e thawed on ice for 10 .mutes and 
th .n at roc™ te-perature. The suspension was diluted 
„ ith 15 .1 PBS and the cells were centrrfuged do*.. 
They were resuspended, after washes in PBS, in 16 »1 
3M lid. 6« urea and disrupted in a polytron sh«r 
The preparation of «M» and the selection or tn 
poly(ft+ , fraction were carried out accords 
Lay. C. and Rougecn, F., H^r^J^iccheju 102-303, 

The poly <X + ) ™> fro- *<7 -« hybridized 
individually with labeled V , V J H 3 " d V ° U9 °" 
nucleotides under conditions described by St. 
al Anal. Brochen, 131:141. 19831. The products we.e 
7henl^cTe77o electrophoresis in a 1.,, agarose- 
Tbf ,.1. The gel was fixed in 10* TCA, blot.ed ory 
and exposed for autoradiography. The result showe, 

T i 10 G rj 4 but not 
that the 2H7 V R contains J R 1, V o.j r h 

sequences. , ^ . , , 

For the analysis of the V R n*NA. tne cc.-b C 

,ethod of White and Bancroft l^SiSi^^J*'™'- 

,1982, was used. Poly <A + , RNA was Mobilized on 

nitrocellulose filters and was hybridized to lafeleo 

4- /in 0 in 4xSSC. These experi- 
probe-oligonucleotides at 40 m 4xbbc. 

ments show that 2H7 contains J R 5 sequences. 

( 3) y Region cDNA Clones . 

A library primed by oligo ( dT ) on 2H7 (A- J 

- ' ^ n o c w "i " h a mouse ^ . , 
rna was screened for <ap?* ^^ es 
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From the 2H7 library, several clones 

probe identified the 2H7 ^5, Ught-chain denes. 
H. ^ chain clones of 2H7 were generated by priming 
p o ly ,-. with the ciGH.atEII. oli 9 on»cl«t,a. 

'see Figure 3,, and identified by screening with the 

nTrw f not EI I ) oligonucleotide. 

UIGH r h eavy an'd light chain genes or gene fragments 

£r om the V H and V R cOH, ^^^^ 
inserted into M13 bacteriophage vectors 
sequence analysis. The complete nucleotide sequence 
fthe variable region o, these clones were deterge 
^FIGURES 5 and 6, by the dideoxy chain termination 

„ ro Hift V region amino acid 
method. These sequences predict V reg 

Positions that agree well with the observ. . compo- 
sitions, and predict peptide sequences which ha * 
verified by direct amino acid sequencing of po.tions 

of the V regions. 

The nucleotide sequences o. the cDNft 

that they are immunoglobulin V region clones as the* 
tnai ^ l y ^ nnc Hr of V domains 

contain amino acid residues diagnostic 

» „« proteins Of T^nnnbjica: 

(Kabat et al ., °' protelns - ■ 

merest: U.S. Der^ ofJjHS, 1983,. 

^^T—T-^rT;! sequence. The 2H V 1. 

from the V.-Kpnl famUy .Ni.hi et_al- USC^Sl^- 
S=i. USA 82=6399. 1985,, and uses V - The clon d 2 7 

an amino acid sequence which was confirm 
by - amino acid sequencing of peptides from the 2* 
light chain corresponding to residues 81-100. The 
cloned 2H7 V B predicts an amino acid sequence con- 
firmed also B by per-de sequencing, namely residues 
1-12. 



i 
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(4) l^ ljro Mutagenesis^ Engineer Restriction 

C-Mc^ule j _and^^ 
V Modules. 



the J-region mutagenesis primer 

A 



For the 2H7 V R , 
j Hindlll, as shown in FIGURE 6, was utilized, 
humln" C K module derived from a cDNA clone was also 
mutagenfzed to contain the Hindlll sequence see 
Figure 4). The mutagenesis reaction was performed on 
M13 subclones of these genes. The frequency of mutant 
clones ranged from 0.5 to 1% of the plaques obtained. 

It had been previously observed that the oligo 
ld r, sequence upstream of the AUG codon in a V R chi- 
meric gene interferes with proper splicing in one par- 
ticular gene construct. It was estimated that per- 
haps as much as 70% of the RNA transcripts had unaer- 
gone the mis-splicing, wherein a cryptic 3' splice 
acceptor in the leader sequence was used. Therefore 
the oligo (dC) sequence upstream of the initiator AUG 
was removed in all of the clones. 

in one approach, an oligonucleotide was used which 
contains a Sail restriction site to mutagenize the 2n7 
V clone. The orimer used for this oligonucleotioe- 
directed mutagenesis is a 22-mer which introduces a 
Sail site between the oligo ( dC ) and the initiator met 

codon (FIGURE 6 ) . 

in a different approach, a convenient Ncol site 
was utilized to delete the 5' untranslated region and 
oligo (dC) of the 2H7 v fl clone (see Figure 5). 

Tho human C oamma 1* gene module is a cDNA derived 
Tom GM2146 cells (Human Genetic Mutant Cell Reoos:- 
torv, Newark New Jersey). This C uamma 1 gene mocuie 
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« nreviously combined with a mouse V H gene module to 

— 

7C) . • , 

(5) r himpric 2H7 Expj^ essiorL^j^srnids . 

h 2H7 chimeric heavy chaxn express.cn plasmid was 
deriv ed from the replacement of the V fl module o. 

>h the V cDNA modules to give the expres- 

; irect 3 the synthesis of chimeric 2H7 heavy chain when 
transfected into mammalian cells. 

F or the 2H7 light chain chimeric gene, the Sail 
HindHI fragment of the mouse V R module -as 30-ed to 
Te human C module by the procedure outlined in 
the human C K _.. G2106 Replacement o£ the neo 

FIGURE 7A, forming pING21Ub. P 

seque „ce with the gpt gene ^"^Zl 

gp t resulted in P T«G2107, which expresses 2H ~ 
light chain and confers mycophenolic acid resistance 
when transfected into mammalian cells 

The inclusion o£ both heavy and Ught chain Chi 
me ric genes in the same plasmid ailows for the intro- 
auction into transfected cells of a 1:1 gene ratio o. 
heavy £ 

dosage. inis — r - _ ui^r^r 

reunions of transfected cells for optimal c im r-e 
antibody egression. For this purpose, the * 
ments derived from the chimeric heavy and light eh.xn 
gen es of PISG2101 and pI N G210 6 were » 
exoression plasmids pHL2-ll and P HL2-2 6 
The PHL2-U and P HL2-26 plasmids each =«>"«» • 
sel ectable neo« marker and separate «--p"o 
uni ts for each chimeric gene, each gene including 

mouse heavy chain enhancer. _ 

.o-= a-d v-C joint regions o: -ne — 

The moci " i c a ^ -O- b ^ ^ J 

chimeric gene* => ■ 



into Liau^- — 

heavy and Ught chain genes leading to a balanced gene 
Thls may improve expression and decrease man- 
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(6) stable_lransf^^^ Cell jL - 
for the_Product 1 or L _^^ 

ror aA fpnrter et al. supra ; 

Electroporation was used (Potter e 

zo et al Mol_Cell_Biol^ 6 : 703 1986 ) for the 

introduction of 2H electropora tion technique 

into mouse Sp2/0 cells. 5 
gave a transfection frequency of 10 x 

S p2/0 cells. DlNG 2101 and P ING2106, 

The expression plasmids, plNt^iu 

. u -he DNA was introducea 

s oLmed w h ic h secretes chi-ric 2 «7 .nobody 
^dy elated fro. thi. «11 U„e -as u- - 
functional assays done to characters th ch- 
antibody. «e have a!so obtarned transforms 

*c neino the two-gene plasmids. 
experiments using J chimI2 c__^l^^^l- 
(7) purification Of cnimer ■ " 

H***^*^^^^^ C eUs 

uere .rown'in coUure M di«. t ( = ; bco >, 
, jppl e,ented .th .eta! - n* - » « ^ 

IA-1111-D), 10mM HEPES, lx Glutanune 
Scientific 19316) to 1 x 10 cell/ml- 

o. The cells were then centrirugea a. 400x„ 

™ f, 0 p rui ture medium at 2 x 
and resuspended in serum-r.ee cu^u. 

10 6 cell/ml for 18-24 nr. 

c . The medium was centrifuged at 4000 R. 

in a JS-4.2 rotor (3000xg) for 15 min. 

d . 1.6 liter of supernatant was then 

e;M-or- And then concen- 
tered through a 0.45 micron filte. 

trated over a YM30 (Amicon Corp.) ^i- 
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nf t he concentrated 
The conductance ot tne 

e ' A . , A , 0 5 7-5.6 mS/cm CDM 80 

supernatant was adjusted to 5 7 

ra Lmeter and the P H was ad^te o BO ^ ^ 

2000xg, 5 mm., a _ 10n\M sodium 

column, which was preequxlibrated 

phosphate, pHB 0. was collecte d 

" T 1 1ml protein A-Sepharose (Sigma) 
and loaded onto a 1ml P ^.^ phosphate , 

column preequilibrated with 

P H8 -°- , was washed first with 6ml 

k The column was wabne 

h ' c u q n followed by 8ml 

10 -, sod.- phosphate PB 8.0 o ih 

acia (PH 2.2). (Si9M) . 

tubes ^ IgG „, in the PH 3.5 

d ua pooied and concentrate over C.ntncon 
eluti on ana -a iiMte!s . 06nl . 

30 ,AmlC ° ' t .uffe'r was changed to PBS (10. so- 
3 ' , , , l 15» Had) m Centncon 30 by 

dl u. Phosphate PH 7.4. U r . eonc „ tr «in 9 . 

(9) Chimeri c 2H / — Ant±_ — ' T7, 

A^ti!**^**^^ as- 
First , the » _ gen . pos _e 

say , in which cells of ^ incu bated 

and an 2H7 antigen-negative ce ^ 
wlth standard^, ; monoclona anybody . ^ ^_ 
eric 2H7 antiboay derived 
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natants, followed by a second reagent, fluorescein- 
isothiocyanate (FITC ) -conjugated goat antibodies to 
human (or mouse, for the standard) immunoglobulin. 

Binding Assays . Cells from a human B cell line, 
T51, were used. Cells from human colon carcinoma line 
C3347 were used as a negative control, since they, 
according to previous testing, do not express 
detectable amounts of the 2H7 antigen. The^ target 
cells were first incubated for 30 min at 4°C with 
either the chimeric 2H7 or with mouse 2H7 standard, 
which had been purified from mouse ascites. This was 
followed by incubation with a second, FITC-labelled , 
reagent, which for the chimeric antibody was goat- 
anti-human immunoglobulin, obtained from TAGO ( Bur- 
lmgame, CA ) , and used at a dilution of 1:50. For the 
mouse standard, it was goat-anti-mouse immunoglobulin, 
also obtained from TAGO and used at a dilution of 
1:50. Antibody binding to the cell surface was deter- 
mined using a Coulter Model EPIC-C cell sorter. 

As shown in Table I, both the chimeric and the 
mouse standard 2H7 bound significantly, and to 
approximately the same extent, to the positive T5 1 
line. They did not bind above background to the 2H7 
negative C-3347 line. 
Functional Assays . 

In previous studies, antibody 2H7 was tested for 
antibody-dependent cellular cytotoxicity (ADCC) 
measured by its ability to lyse 51 Cr-labelled human B 
lymphoma cells in the presence of human peripheral 
blood leukocytes as the source of effector cells. It 
was also tested for its ability to lyse ^Cr labelled 
human B cells in the presence of human serum as the 
source of complement. These tests were carried out as 
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for mouse monoclonal 
i ,r described 101 

techniques used and tn desc ,. ibed . Hellstrom, 

antibody have been pr.vLoa.ly desc rb 
££ _ iU , NatU Aoad Sci, - 

Cl " 6) : ■ M 7 but not rcouse 2H7 anybody, will be 
Ch^er.c 2H7 but ^ ^ , 

able to .ed-e ^ >0C ^ , 

lymphoma cells. converted to a 

hybr idoma P-ducxng a ^ ^ 1S a prl me 

CDC activities. Such a chime ^ 

. for the treatment or imaging 
candidate for the t ike> 
borders, such as leuXe.ias, ly^ - ■ and 
Thls .nvention therefore provxa . J 

biolciclly fo-tronal - 
• . u - hvbridoma wnich proauceb 
starting with a hybr antigen but 

w ■ w a c the desired specificity i.u 
whicn has tne u= d 

• , • =i effector functions such as 
lacks biological etrectoi 

CDC. 

conclusions. „ c . rAt e that the 

TT C nresented above demonstrate 
The results presence CD20)) antigen 

9«7 antibody binds to CB P 3d(CD2U). 
ChimSriC h B cells to approximately the same 

:::;:r:oi;. —1 r ^i™£ 

?h ospho P rotein an.ig n < ^ ^ b cell 

daltons, which is bind detec tably to 

lineage . The 2H, antioy - endothelia i 
varl ous other cells such ^ ^ ^ 

ceils, or epithelial c_i± 

...- Q -s which cave rise to 3 .elxS. 
s-err. ce-i precursor 
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Although the prospect of attempting tumor therapy 
using monoclonal antibodies is attractive, with some 
partial tumor regressions being reported, to date such 
monoclonal antibody therapy has been met with limited 
success (Houghton et aL, February 1985 , Proc, Natl, 
Acad. Sci^ 82:1242-1246). Murine monoclonal 

anti-(B P 35(CD20)) antibody has been used for therapy 
of B cell malignancies (Press, et al.,) Blood: Feb. 
1987, in press). The therapeutic efficacy of mouse 
monoclonal antibodies (which are the ones that have 
been tried so far) appears to be too low for most 
oractical purposes.. Because of the "human" properties 
which may make the chimeric 2K7 monoclonal antibodies 
more resistant to clearance and less immunogenic in_ 
vivo , the chimeric 2H7 monoclonal antibodies will be 
advantageously used not only for therapy with unmodi- 
fied chimeric antibodies, but also for development of 
various immunocon.ugates with drugs, toxins, immunomo- 
dulators, isotopes, etc., as well as for diagnostic 
purposes such as ^r^Jivo imaging of B-cell tumors (for 
example, lymphomas and ieukemias) using appropriately 
labelled chimeric 2H7 antibodies. Such immunocon juga- 
tion techniques are known to those skilled in the art 
and can be used to modify the chimeric 2K7 antibody 
molecules of the present invention. The chimeric 2H7 
antibody, by virtue of its having the human constant 
portion, will possess biological activity in 
complement-dependent and antibody-dependent 

cytotoxicity which the mouse 2H7 does not. 

An illustrative cell line secreting chimeric 2K7 
antibody was deposited prior to the U.S. filing date 
at the ATCC, Rcckvilie Maryland. This is a trans- 

-~ ro'is suora: ATCC 

rectea nyoriaoma irorras^Mus -~ ■ => _ 

HB 9303. 
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The present invention is not to be limited in 
scope by the cell lines deposited since the deposited 
emtodiment is intended as a single illustration of one 
aspect of the invention and all cell lines which are 
functionally equivalent are within the scope of the 
invention. Indeed, various modifications of the in- 
vention in addition to those shown in the art from the 
foregoing description and accompanying drawings. Such 
edifications are intended to fall within the scope of 
the appended claims. 
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TABLE 1 



Binding Assays Of Chimeric 2H7 Antibody and Mouse 2H7 Mono- 
clonal Antibody to a B cell Line Expressing (Bp35(CD20)> and a 
Cell Line Not Expressing This Antigen. 



Binding Ratio* for 
T51 B Cells 



Antibody 



GAM 



GAH 



2H7 Mouse 
2H7 Chimeric 
L6 Mouse 



37 
ND 
1 



ND 
29 
ND 



2H7 Mouse 
2H7 Chimeric 
L6 Mouse 



Binding Ratio* for 
C3347 Cells 



GAM 

1.4 

ND 

110 



GAH 

ND 
1.3 

ND 



a 



*A11 assays were conducted using an antibody concentration o: 
lOug/ml. The binding ratio is the number of times brighter 
test sample is than a control sample treated witr. 
GAM(FITC-Conjugattd goat anti-mouse) or GAH (?ITC conjugatec 
goat anti-human) alone. A ratio of 1 means that the test sample 
is just as bright as the control; a ratio of 2 means tne test 
sample is twice as bright as the control and so on. 

ND - not done 
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ft. ADDITIONAL IHOI 



C ATIO«» 1 bUnk If not tpplic*»wj. Thi 



, tfllomt.tioA i» continue o« • ..0*">« • 



C273 (mouse SP2/0 hybndo.a cells carrying plasmids pING 2101 and 

pING 2106) 



OlS.CKATtO STATU FOR WHICH INOI 



CATIOM* AM -ADC « (" i««»c*l.o«. i™ 



'.«^«»T1 »U««..H.«C Of .-O.CAT.O-.MU... - "<»'•> 
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hmT IS NEW AND INTENDED TO BE COVERED BY LETTERS 
PATENT : 

, A polynucleotide molecule comprising a cDNA 
sequence coc.no. for the variable region of an i^uno- 
1 bulin chain having specificity to a 3S ? Da poly- 
peptide <Bp35.CD20>> expressed on the sur.ace of 
cells. 

2 The mole cule of claim 1 wherein said chain is 
a heavy chain. 

3. me molecule of claim 1 wherein said chain is 
a light chain. 

4 The molecule of claim 1 -hich further com- 
prise ; an additional sequence coding for the constant 
region of a hu^n immunoglobulin chain, botn said se- 
quences in operable linkage with each other. 

5 . The molecule of claim 4 wherein said addi- 
tional sequence is a oDSA sequence. 

c .i.; n 4 wherein said addi- 

6 . The molecule of claim 4 

tional sequence is a genomic sequence. 

to claim 1 which is a recombi- 

7. The molecule ciaim 

nant DNA molecule. 

to ^ -laim 7 which is in double- 

8. The molecule c^ wia.m 

stranded DNA form. 

. ^ i ^ n is an ex p res- 

q ^ ~ o rr.o e r - u ^ c ^ - v- * - - - 



sibie vehicle. 
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, of claim 9 wherein said vehicle 

10 . The molecule of claim 

is a plasmid. 

• K«t transformed with the mole- 

11. A prokaryotic host trans. 

cule of claim 4. 

n . K .^ryotic host transited wUh - — 
cule of claim 4. 

• _ ,,aae*- or a mam- 
14 . The host o£ cl.x» » <*">> 15 

malian cell. 

„ . he avy immunoglobulin chain eompri.in, a 
15 - * Y . a „ a a variable region having 

^.^7: 1 polypept.de ( B ? 3S,CO 2 0n 
soecificity to a i> 

expressed on the surface of human B cells. 

lfi , light immunoglobulin chain comprising . 
16> A 9 • and a variable region having 

constant human region and (3o3 5 (CD20 > > 

kDa polypeptide i3. JJ 
specificity to a 35 *Da P ^ 

,.* a ,-p of human B ceils, 
expressed on the surface ot 

»■ * a— -"^inr^tvr^chai:: 

^ vur. hpavv chains, e=n-" 
light chains and two heavy variable 

comprising a constant human and .^^^ 

re ,ion having specificity ^ to a ^ ^ s 

(Bp35(CD20)) expresses on the 
cells. 

c r-lAim 17 m detectable 
18. The antibody of claim 

labelled form. 
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19. The antibody of claim 17 immobilized on an 
aqueous-insoluble solid phase. 

20. A process of preparing an immunoglobulin 
heavy chain having a constant human region and a vari- 
able region having specificity to a 35 kDa polypeptide 
(B P 35(CD20>) expressed on the surface of human B 
cells which comprises: 

culturing a host capable of expressing said 
chain under culturing conditions and 

recovering from said culture said heavy 

chain. 

21. A process of preparing an immunoglobulin 
light chain having a constant human region and a vari- 
able region with specificity to a 35 kDa polypeptide 
(Bp35(CD20)) expressed on the surface of human B 
cells which comprises: 

culturing a host capable of expressing said 
chain under culturing conditions; and 

recovering from said culture said light 

chain. 

22. A process of preparing a chimeric immunoglob- 
ulin containing a heavy chain and a light chain, each 
of said heavy and light chains having a constant human 
region and a variable region with specificity to a 35 
kDa polypeptide (Bp35(CD20)) expressed on the surface 
of human B cells which comprises: 

culturing a host capable of expressing said 
heavy chain, or said light chain, or both, under cui- 

turing conditions; and 

recovering from said culture said chimeric 

immunoglobulin molecule . 
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23. The process of any of claims 20, 21 or 22 
wherein said host is prokaryotic. 

24. The process of any of claims 20, 21 or 22 
wherein said host is eukaryotic. 

25. An immunoassay method for the detection of a 
35 kDa polypeptide normally expressed on the surface 
of B cells in a sample, which comprises: 

contacting said sample with the antibody of 

claim 17 and 

detecting whether said antibody binds to said 

antigen. 

26. An in vivo or in vitro imaging method to 
detect an antigen comprising a 35 kDa polypeptide nor- 
mally exoressed on the surface of B cells which com- 
prises contacting said antigen with the labelled anti- 
body of claim 18 and detecting said antibody. 

27. A method of killing cells carrying an antigen 
thereon, which antigen comprising a 35 kDa polypeptide 
normally expressed on the surface of B cells which 

comor i ses : 

contacting said cells with the antibody of 
claim 17. 

28. The method of claim 27 wherein said killing 
curs by complement mediated lysis of said cells. 



oc 



29. The method 
occurs by ADCC. 



of claim 



27 where: n said killing 
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Ig heavy chain J-C region 

human heavy chain J regions J 1 CHI 

JHl GCTGAATACTTCCAGCACTGGGGCCAGGGCACCCTGGTCACCGTCTCCTCAG 

JH2 CTACTGGTACTTCGATCTCTGGGGCCGTGGCACCCTGGTCACTGTCTCCTCAG 

jui ATGCTTTTGATGTCTGGGGCCAAGGGACAATGGTCACCGTCTCTTCAG 

jua ACTACTTTGACTACTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 

JH5 ACACTGGTTCGACTCCTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 



JH6 AT{TAC),GGTATGGACGTCTGGGGGCAAGGGACCACGGTCACCGTCTCCTCAG 
JHb AT tal TCGACCTCTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG 

J I CHI 



Consensus 



couse heavy chain J regions 

JHl TACTGGTACTTCGATGTCTGGGGCGCAGGGACCACGGTCACCGTCTCCTCAG 
JHI TA ^\ AC „ TGACTACTGGGGCCAAGGC ACCACTCTCACAGTCTCCTCAG 
llU CCTGGTTTGCTTACTGGGGCCAAGGGACTCTGGTCACTGTCTCTGCAG 
JH4 TACTATGCTATGGACTACTGGGGTCAAGGAACCTCAGTCACCGTCTCCTCAG 
Consensu . TTTGACTACTGGGGCCAAGGGACCACGGTCACCGTCTCCTCAG 

Ig light chain J-C region 

human Kappa 3 region J 1 C 

JXl GGACGTTCGGCCAAGGGACCAAGGTGGAAATCAAAC 
JK2 ACACTTTTGGCCAGGGGACCAAGCTGGAGATCAAAC 
JK3 TCACTTTCGGCCCTGGGACCAAAGTGGATATCAAAC 
JK A TCACTTTCGGCGGAGGGACCAAGGTGG AGATCAAAC 
JK5 TCACCTTCGGCCAAGGGACACGACTGGAGATTAAAC 
Consensus TTCGGCCAAGGGACCAAGGTGGAGATCAAAC 

mouse Kappa J regio n J ' c 

JK1 TGGACGTTCGGTGGAGGCACCAAGCTGGAAATCAAAC 
JK2 TACACGTTCGGAGGGGGGACCAAGCTGGAAATAAAAC 
JK3 TTCACATTCAGTGATGGGACCAGACTGGAAATAAAAC 
JM TTCACGTTCGGCTCGGGGACAAAGTTGGAAATAAAAC 
JK5 CTCACGTTCGGTGCTGGGACCAAGCTGGAGCTGAAAC 
Consensus TTCCCTGGGGGGACCAAGCTGGAAATAAAAC 
UIGlMJK) . TGGTTCGACCTTTATTTTG ^ 



human Lambda pseudo J region J 
JPSL1 CACATGTTTGGCAGCAAGACCCAGCCCACTGTCTTAG 

mouse Lambda J region J ' 

JL1 TGGG7C7TCGGTGGAGGAACCAAACTCACTCTCCTAC 
JL2 TA7G777TCGCCCG7GG AACCAAGG7CAC7G7CC7AG 
JL3 TTTATTTTCGGCAGTGG AACCAAGGTC ACTGTCCTAG 
Consensus 7TCGGCGC7GGAACCAAGG7C ACTGTCC * AG 



FIG. 2 
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s« h«avy chain J segments 



JH1 
JH2 
JH3 
JH4 



TACTCGTACTTCGATGTCTGGGGCGCAGGGACCAC 
TACTTTGACTACTGGGGCCAAGOCftCCAC 
CCTGGTTTGCTTACTGGGGCCAAGGGAOtt^ 
TACTATGCTATGGACTACTGGGGTCAAGGeACOtC IfrrrCACC 



GGTCACC 
-$£tCAO£ 
GGTCAOj> 



GTCTCCTCA 
GTCTCCTCA 
GTCTCTGCA 
GTCTCCTCA 



consensu! pri me r t UIGH 



AGGGACCAC GGTCACC GTCTC 

BstEB 



mouse « light chain J segments 



JX1 
JX2 
JK4 
JX5 

consensus primei 



TGGACGTTCGCTCGAGG^ACC 
TACACGTTCGGAGGGGGGACC 
TTCACGTTCGGCTCGGGGAQ^ 
CTCACGTTCGGTGCTGGGACC 




GA^VTCAAA 
GA^ATAAAA 
GA$ATAAAA 
GAGCTGAAA 



(JIG* 



GGGACC AAGCTT GAG 

Hinttm 



FIG. 3 
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2H7 HEAVY CHAIN VARIABLE SEQUE NCE met gly phe ser arg ile phe 

C33GTACCTCTCT A CAGTCCCTGAAGACACTGACTCTAACC^TG_GGA TTC AGC AGG ATC TTT 

peptide his ser ° n a ^ a t ° r gln 

leu phe leu leu ser val tnr tn. ? 

CTC TTC CTC CTG TCA GTA ACT AC A GGT GTC CAC TCC CAG GCT TA^ CTA CAG 

o 0 ? ? ? i .ra nro qlv ala ser val lvs met ser cvs 

CAG ?S lol GC? GAG Sg GTG !K ScT GGG GCC TCA GTG AAG ATG TCC TGC 

FRl\CDRI CDRl\FR2 
, nhe thr ser tvr asn met his trp val lys gin 

lys ala ser glv tvr thr phe tnr ^ ^ ^ ^ ^ 

AAG GCT TCT GGC TAC ACA 1 I 1 

FR2\CDR2 

thr nro ara cln qlv leu glu trp ile gly 1 ala ile tyr pro gly asn gly 
ACA CCT AG A CAG GGC CTG GAA TGG ATT GGA GCT ATT TAT CCA GGA AAT GGT 

CDR2\FR3 

asn thr ser tv^ asn aln lvs phe lys gly 'lys ala thr leu thr val asp 
GAT ACT TCC TAC AAT CAG AAG TTC AAG GGC AAG GCC ACA CTG ACT GTA GAC 

lvs ser se- ser thr ala tvr met gin leu ser ser leu thr ser glu asp 
AAA TCC TCC AGC ACA GCC TAC ATG CAG CTC AGC AGC CTG ACA TCT GAA GAC 

FR3 \CDR3 

spr va1 tvT . Dhe cvs ala arg val val tyr tyr ser asn ser tyr trp 

TCT GCG GTC t'aT TTC TCT GCA AGA GTG GTGT^A^G^AC^CT TAC TGG 

Jh/ ■ J- m D $ p Z 

tvr uhe asoval'tr, glv thr gly thr thr val thr val ser 
TAC ^TC GA~ GTC TGG GGC A CA GGG ACC ACG GTC ACC GTC TC G 

\ BstEn J BstEn 



FIG. 5 



PCT/US88/00058 



6/9 



2H 7UGHig±AI/^^ 



leader peptide 



£n(j^^—z " , er p he leu leu 

met asp Phe gin val gin xle phe P^ ^ ^ 

C3C ^ r ^»- , z lta nl 1M s . , r 

„,i t-hr met thr cys arg 
r- ala ser ore gly glu ly* «J ^' ATG ACT TGC AGG 

& S S T " CCA GGG GAG 



^ ' CDRI \FR2 aln ivs pro gly se 

& s s ss - - - ~ ~ 58 S' 5 - cag " ^ 

FR21 sn lM al K v.i pro 

ro ivs pr<= trp & ?S TCC HI SS =CT TCT G=A «C CCT 

»| f c ° C aX CCC TGG ATT TAT GCC 



. .v,^ ser tvr ser leu ^h. 

■ CPr alv ser gly ser gly tn. - CTC ac A 

ala arg P ne S ^ ?/ r rgT GGG TCT GGG ACC T^T 

GCT CGC TTC ACT GGC AG. ^ ^ 3 ^ 



lie ser 
ATC AG^ 



o 



4-°rr cvs qln gl n 
, , u ala glu alp ala ala thr tyr tyr cys g^ ^ ^ 

^ _~ tt^I giu aid ^ ^ 1, ^ r rr ACT a^>> - j ^ 

ar ^ GAT j r 

AG A GTG GAGJCJ^ ^5 ^ 

J£ caa cc°c S ffi GCT ^JSSJ£L^^- JxHMpn .e, 



ser oh 
a.GT TT 
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FIG. 7B 



O 88/04936 



PCT/US88/00058 




/04936 



4 



PCT/L'S88/00058 



9/9 



o 












CO 




o 


o 






CNJ 


c\j 


co 

















2 
S 



o 
«= 

O 

CM 
CD 



I— 
o 



o 



o 



O 
O 
I— 

o 

















Uj 


e 






















3: 
















o 


i 






CM 


to 


e 


3: 
















O 













CD 
o 

o 
<t 

o 

" CD 



CD 

cj 

' CD 
o 



o 



CO 



CO 

cn 
o> 

E 
3C 



o> 

c: 
o 



o 



3: 

CM 

C\J 
— 1 



CO 
^ <0 

CD 
O 



co 



CO 



CD 

CO 
CO 



co 
o 



ON 



3: 

CM 



